Nude (nulnu) mice, Balb/c-derived, responded to a naturally-occurring Sendai virus infection in a different manner than conventional mice. They developed a chronic debilitating disease and a persistent viral infection of the respiratory tract with intranuclear inclusion bodies in tracheal, bronchial and bronchiolar epithelial cells, laryngeal and tracheal glandular epithelium and in type I and I1 alveolar cells. The infection was identified by serologic and tissue culture studies, the mouse antibody production test and ultrastructural examination of pulmonary lesions. Phlebitis of pulmonary veins, suppurative rhinitis and otitis media accompanied the viral infection while some mice developed a secondary bronchopneumonia. 6 BOORMAN, G. A. ; LINA, P. H. C., and ZURCHER, C. : Hexamita and Giardia as a cause of mortality in congenitally thymus-less (nude) mice. Clin. exp. Immunol. 15: 623-627 ( I 973). 7 BURNET, F.M.: Measles as an index of immunological function. Lancet ii: 610-613 (1968).
Sendai virus (parainfluenza virus I , murine) was first described as a latent infection of mice in Japan [ 1 I]. Subsequent studies confirmed its ubiquitous occurrence in mouse colonies in the United States [17, 19, 20, 22] . The latent infection in apparently normal mice was detected by virus isolation and serum antibody titers, although a thorough investigation to detect lesions or disease was not undertaken [20] . In the past few years, clinically ill mice and histological lesions were associated with Sendai virus infection [2, 23, 351 . The disease was related usually to shipping from a commercial facility and in one case occurred as an epizootic in a breeding colony. Experimentallyinduced Sendai virus infection has been studied by several investigators [l, 4, 5, 14, [23] [24] [25] 32, 33] . The naturally-occurring and experimental diseases were characterized usually by low mortality, mild clinical signs, and quick recovery but occasionally by acute disease with high mortality. In any event, the clinical disease was acute to subacute, lasted only 1-2 weeks and recovery was associated with development of serum antibodies.
Nude was first described as a recessive heritable defect of hair growth in mice [lo] . Subsequent studies of mice homozygous for the nude gene (nulnu) revealed thymic dysgenesis [16] and defects of B and T lymphocytes [26, 27, 361 . Because of these findings, these mice have been used for transplantation and carcinogenesis studies. Nude mice are susceptible to infections and their lifespan is short unless they are maintained in specific pathogen-free or germfree conditions [27] . A naturally-occurring wasting disease that develops appears to result from infection by one of several agents [6, 10, 27, 28] . We report a naturally-occurring Sendai virus infection resulting in a chronic wasting disease and intranuclear inclusion bodies in respiratory tissues.
Materials and Methods
Several shipments of 20-40, 6to 7-week-old nude mice, homozygous for the nude gene (nu/nu), Balb/c-derived, were obtained from a commercial company. The mice were housed 5-10 per cage in polycarbonate filtered cages with sterilized or conventional hardwood or pine bedding. Food and water were sterilized for some mice. Mice were placed in rooms without other laboratory animals. Randomly selected mice from three shipments were necropsied from 2 to 55 days after arriving. Twenty-five male mice from one group were killed or died within 36 days after arrival.
Blood was obtained from brachial artery and serum was prepared for serological tests [9,17,18,29] to detect hemagglutination-inhibition antibodies to the following murine viruses: Sendai, pneumonia virus of mice, reovirus 3, K, Theiler's encephalomyelitis, polyoma, minute virus of mice, ectromelia, and Kilham rat virus. Complement fixation tests were used to identify antibodies to the following viruses: Sendai, mouse adenovirus, mouse hepatitis, lymphocytic choriomeningitis and rat coronavirus. Samples of some lungs were cultured for the presence of bacteria and were used for mouse antibody production tests [9]. Aliquots of suspensions of lungs from one group of mice used in these tests, were placed in Rhesus monkey kidney cell cultures and the hemagglutination-inhibition test was used to identify the isolated virus [20] .
For light microscopy, tissues of 40 mice were placed in Bouin's or Telly's fixatives and processed by routine methods. Selected tissues were stained with phloxine, methyl-green pyronine and by the periodic acid-Schiff (PAS) method. For electron microscopy, small pieces ( I mm) of lungs were fixed in cold 2% glutaraldehyde in cacodylate buffer, then in osmium tetroxide and embedded in epoxy resin. Thin sections stained with uranyl acetate and lead citrate were examined under a JEOL IOOB electron microscope.
Results
Mice shipped via airplane from the commercial supplier arrived clinically healthy. Within the first week at our laboratory they had signs of respiratory disease. They appeared less active than normal and sniffling could be heard. The disease increased in severity over the subsequent 2-8 weeks and weight loss, dyspnea, and wrinkling of the skin became the most prominent signs. Terminally, the thin, hairless skin of the mice was blue as hypoxia developed.
At necropsy, the gross appearance of the lung depended on the duration of the disease. Respiratory lesions were not seen in mice necropsied on the day of arrival. Within 2-7 days, the earliest and mildest lesions affected either parts or all of individual lobes. There was predilection for the small accessory lobe. In mice that died or in severely cachectic animals, most of all lobes was affected. There was focal or diffuse hyperemia, edema and consolidation of individual lobes. Gross lesions were not seen in other tissues except in the middle ear. After demineralization of the skull, a cross section through the typanic bullae exposed a thick exudate that filled the cavities of many mice, especially those that had been ill for s o r e time.
Histologically, the earliest lesions involved the trachea, bronchi and bronchioles. In all affected mice, eosinophilic intranuclear inclusion bodies, surrounded by a clear zone and marginated chromatin and stained with phloxine ( fig. l) , were in the epithelial cells along with hyperplastic bronchial and bronchiolar cells ( fig. 2, 3) . The number of cells with inclusions varied in different mice and in different parts of the same lung in some mice. Mitotic figures were frequently seen in the hyperplastic epithelium, and necrosis occurred only occasionally. Some cells had eosinophilic cytoplasmic structures with similar staining properties to those of the cytoplasm but delineated by a thin, clear zone from the cytoplasm. As the disease progressed, lesions were seen in alveoli and in entire lobules. Intranuclear inclusion bodies were in alveolar lining cells ( fig. 4) and also in tracheal and laryngeal glands ( fig. 5 ). Cytoplasmic ribonucleoproteins in cells lining bronchi and bronchioles were stained heavily by methyl-green pyronine.
Other lesions of alveoli included atelectasis, edema, hypertrophy of alveolar cells, and infiltration by neutrophils and alveolar macrophages of alveoli and alveolar walls. As the disease progressed, marked epithelialization was seen in some lungs ( fig. 6 ). Late in the course of the disease, a few mice developed secondary bronchopneumonia and bronchiectasis. Bronchi and bronchioles were packed with neutrophils ( fig. 7) . Intranuclear inclusions were still visible in epithelial cells, and various bacteria were cultured, including Pasteurella species. Lesions of veins were prominent in lungs in the early stages of the disease. The endothelium was hypertrophic and there was infiltration by mononuclear cells and neutrophils of the muscular wall of the vein and of subendothelial and perivascular tissue ( fig. 8 ). In the majority of lungs, there were some small focal collections of lymphoreticular cells around bronchi and blood vessels. Ultrastructural examination of the lungs from six mice (at 6, 12, 20, 30, 36 and 36 days after arrival) showed that intranuclear inclusion bodies in bronchial ( fig. 9) , bronchiolar and alveolar type I ( fig. 10 ) and I1 cells were composed of masses of viral nucleocapsids, frequently formed into crystalline aggregates (fig. 11, 12) . Four of the six mice had complement-fixing serum antibodies to Sendai virus and the only lung tested had Sendai virus identified by the mouse antibody production test. Nucleocapsids were abundant and filled the cytoplasm of many cells (fig. 9) . The intranuclear and intracytoplasmic nucleocapsids were 15-20 nm in diameter on cross section and had a hollow core ( fig. 9, inset) . There were sub-units repeating at less than 10 nm. Viral nucleocapsids were incorporated into mature virions while budding at the plasma membrane.
Most mice had suppurative rhinitis and otitis media. In the 40 mice examined, lesions probably not associated with the Sendai virus infection included hepatic necrosis (3 mice), pinworm infestation (all mice), hyperplastic typhlitis (2 mice), and hexamitiasis (1 mouse).
Serum samples from nine of 18 mice tested, including one of five tested upon arrival, had complement-fixing antibodies to Sendai virus only. Titers varied from 1 : 10 to 1 : 20. There was no relationship between titers and time after arrival. Samples from 11 mice tested late in the course of the disease did not have hemagglutination-inhibition antibodies. Antibodies to the other 12 viruses tested were not found. Sendai virus was identified in the lungs of the only four mice tested from 12 to 36 days after arrival by the use of the mouse antibody production test or by cultivation of the virus in cell culture and identification by the hemagglutination-inhibition test.
Discussion
The athymic nude mouse, without the ability to perform normal T and some B lymphocyte functions, reacted in a different manner to naturallyoccurring Sendai virus infection than did conventional mice. Generally, mice with normal B and T lymphocyte functions develop infection with virus and most recover quickly and produce antibodies within 1-2 weeks or die acutely, especially if there are other infectious agents [I, 2, 4, 14, 23-25, 32, 33, 351. Generally, virus is not found in the lung by 1-2 weeks after experimental infection in conventional mice [24, 321. In nude mice, the virus persisted for many weeks. Immunosuppressive agents in conventional mice produced a similar effect [4] . A mycobacterial infection persisted in nude mice in a similar In our mice, the infection was probably brought in with the mice from the commercial colony and the stress of the shipping procedure may have triggered the disease [23, 35] . Sendai virus infection may be latent in vivo and in vitro awaiting a triggering or stressing agent to cause clinical disease [8].
Other conventional and nude mice in adjacent rooms with the same food, water and bedding did not have the disease or lesions of Sendai virus pneumonia. I2 Fig. 9 . Bronchial epithelial cell with an intranuclear inclusion body (arrows) and cytoplasm filled with numerous viral nucleocapsids. The nucleocapsids have a hollow core and repeating subunits (inset). 
